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ACOUSTIC L'ELOCII'Y - EREADBOAI1D TESTS -- 

Summary 

Surface ve loc i ty  measuremerts with breadboard apparatus 

have been made ( i n  a i r )  on dry sandy s o i l ,  m o i s t  clay, loose dry 

sand, and concrete s l ab .  Subsurface measurements were made i n  

m o i s t  clay, and i n  stacked cubes of hard rock, Also ,  a subsurface 

t e s t  was made with the  sonde buried i n  loose sand. These tests 

included use of both geophones and accelerometers as detectors ,  

and both explosive and dropped weight a s  accust ic  source. The 

explosive source was tes ted  wtrerein the  gases 

exposed t o  t h e  mater ia l  under t e s t ,  and wherein the gases were 

confined withir. a rubber diaphran aRd exhausted away f r m  the  

mater ia l .  

were d i r e c t l y  

Tine r e s u l t s  of these tests, with addi t ional  considerat ion 

f o r  weight and s i z e  l imitat ions,  and env i romer t a l  conditions, 

i nd ica t e  t h a t  geophones on the surface and  an accelerometer i n  the 

downhole sonde a r e  preferable  as detec tors .  The source should 

preferably be of the explosive type. However, vacum tests w i t h  

the  brea.dboard equipment, presently bei-g made by Jet Propulsion 

Laboratory, w i l l  have t o  d i c t a t e  the f i x a l  chcice as t o  whether 

or not the explosive cag be used, azd i f  so, whether or not it be 

of t h e  enclosed type. 

Preliminary repor t s  from the  vacuum tests ind ica te  t h a t  

t he  gas wave given off from the ope? type explosive source does 

not produce object icnable  s igxals  a t  t h e  gecjphone detectors .  
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However, t h i s  source holder, when used i n  vacuum, r e c o i l s  

v io l en t ly  from the  surface and is therefore  objectionable.  The 

enclosed type source holder (having hemispherical rubber diaphram 

between source and surface,  and having gases vented away from 

the surface)  was found to be reasonably s t a b l e .  

tests were made on unconsolidated, f ine-grain sand. 

These vacuum 

The framework of t h e  open type explosive source holder 

used i n  these  tests is shown i n  Fig. 19, Six (6) sources (DuPont 

X-311B Mild Electric I n i t i a t o r s )  were mounted i n  the  c l i p s  pro- 

vided, and the "wire-breaks" f o r  sync, (#% w i r e )  were mounted on 

terminals near t h e  source. 

then packed with g lass  wool. 

wool w e r e  used t o  prevent detonation of one explosive by another, 

These provisions w e r e  found t o  be more than adequate f o r  the 

purpose. 

Each or t h e  s i x  "compartments" w e r e  

The compartmenting and the  glass 

For the  enclosed explosive source tes ts ,  t h e  aluminum 

"shell" shown i n  Fig, 20 was used. The aforementioned source 

holder w a s  mounted in s ide  t h e  she l l ,  and leads brought out on 

t e f l o n  feed-thru terminals, A hemisphere of rubber, 5 in. dia .  

by 1/8 in .  thick, was clamped over the opening of the  aluminum 

"shell", 

hemisphere making contact with the  surface. 

explosion w e r e  vented o u t  t h e  top  through a tube, 

The u n i t  was  then placed on the  surface with t h e  rubber 

The gases from the 

Use of an 

enclosed type sburce of t h i s  type w i l l  probably requi re  t h a t  it 

be mechanically a t tached to t ke  spacecraft .  This is undesirable 

1 : 7 94.36-2 
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since the attachment o f f e r s  an acoust ic  path through the  space- 

c r a f t  t o  the  detectors .  However, there  appears t o  be no alterna- 

t i v e .  Such attachnent needs to assure t h a t  the  sGurce be placed 

in" i t s  cor rec t  pos i t ion  on the surface with a se lec ted  s i d e  down 

and t o  o f f e r  shock mounting, espec ia l ly  for  v e r t i c a l  move?rterit. 

The acoust ic  energy from an impact hammer has been found 

t o  be reasonably s a t i s f a c t o r y  f o r  t h i s  measurement i f  t h e  hammer 

is made t o  impact aga ins t  a s o l i d  object  which has been placed on 

the  surface. 

s a t i s f ac to ry .  

extreme weight l i m i t a t i o n  and/or mechanical manipulation require- 

An irnpact d i r e c t l y  against  the  surface is not  

The major problem with t h i s  type source is  the 

ments. Also, the source needs t o  be acous t ica l ly  "quiet" 

immediately before impact, 

dropped from a height  of 1 ft, could approximately simulate the 

explosive source, 

by use of an accelerometer mounted on the  "hammer" (or on the 

impact block). 

It was found t h a t  a 2 lb. w e i g h t  

Time-of-impact on such a smrce caa be detected 

T e s t  Results,  General 

Results of tes ts  performed under various condi t ions 

with var ious mater ia ls ,  sources, and detectors  are indica ted  in 

Figs.  2 t h r u  18, The receiver  amplif ier  system used, whether i t  

be f o r  geophone or accelerometer, is show- i n  Fig. 1, 

ings  of received s i g n a l  were made using a Tektronix 535 osc i l lo -  

scope and a Polaroid camera. In  most cases, t h e  osci l loscope 

ver t ical  gain w a s  adjusted as high as p rac t i ca l ,  dependiag on 

Record- 

1 ~ 7 9 4 . 3 6 - 3  



-4- 

background acoustic noise. 

oscilloscope was synchronized by use of a "wire-break" method, 

When usicg the explosive source, the 

the wire being located very near the explosive. 

dropped weight as source, the synchronizing signal came from an 

accelerometer mounted on the weight, 

"wire-break" was found to be considerably more accurate and 

repeatable than that from the mounted accelerometer, 

When using a 

Synchronization from the 

The results shown in the aforeme3tioned figures were 

selected as being the most representative and informative of a 

much larger number of tests, 

available in the "raw" data form; many of these were made for 

interpretation studies. 

Results of the other tests are 

Most of the conditions under which the data oc Figs .  2 

thru 18 were taken are indicated on the figures, 

discussion as to the purpose, significance, and interpretation of 

these tests is given in following paragraphs, 

However, further 

Surface. Tests 

The tests shown in Figs, 2, 3, and 4 were performed 03 

a dry, sandy, roadbed. The test in Pig. 2 was made to determine 

the actual velocity of the material and from this test the com- 

pressional wave (P-wave) velocity was estimated at 950 ft/sec. 

In this case one (1) X-31lB explosive source was buried 6 in. 

deep. 

that the explosive source and holder were located on the surface. 

Data in Fig. 3 was made under the same conditions, except 

1:794.36-4 



In  thir  case,  i t  may be noted tha t  r a the r  high amplitude and high 

frequency energy was detected a t  times correspcmdlng t o  the  a i r  

wave veloci ty ,  making i t  d i f f i c u l t  t o  de tec t  the t h e - o f - a r r i v a l  

of .ground wave e n e r b .  

The t e s t  indicated in Fig. 4 was made t o  determine 

whether or not locatlop. of the spacecraft  legs  in t he  proximity 

of the source and one detector could be tolerated.  The acous t ic  

, p a t h  through t h e  spacecraf t  was simulated by use of a t r i pod  made 

of 314 in .  steel pipe. The sigml from Detector No. 2 (upper 

t race)  shows considerable energy a r r iv ing  a t  the second de tec to r  

which had t o  have t raveled the  metal path due t o  i t s  e a r l y  

a r r i v a l .  

with and without the "spacecraft ' legs. 

nate t h i s  problem by acoustic decoupling methods within t h e  space- 

craft legs would be impractical. Thus, it  has been r e c m e n d e d  

that the  source be located under the spacecraf t -and approximately 

Fig. 4 and Fig. 3 of fer  a d i r e c t  comparison of signals 

It i s  f e l t  t h a t  to elimi- 

equi-dis tant  frm t h e  three  legs. I n  th ie  arrangement, t he  first 

detec tor  woulcLbe mounted near one leg and t h e  other  mounted in 

t h e  surface density device and located eeveral  f e e t  beyond the 

firet detector .  

Figs. 3 thrv 8 indicate condltlona and r e e u l t s  of teotr  

on a concrete slab. 

aignrlo recorded when ''hefnmrPr'' oourca i r  directed againat tho 
surface and aga ins t  the edge of thr rlrb,  The t'hammer'l WPI a 

2 lb. weight with Lapact ve'locitp roughly equivalent t o  1 f t .  

Figr.  3 and 6 offer a comparieon of t h e  

1:794.36-5 
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f r e e - f a l l ,  Three repeat  photos are ifidicated f o r  each hvnmer test  

s ince some var ia t ions  w i l l  be found due t o  changes i n  scope 

synchronization and s i g n a l  generated with d i f f e r e n t  hammer blcds.  

The first detectable  energy i n  Fig, 5 would ind ica t e  approximate 

ve loc i ty  of 8300 ft/sec, 

o f f e r s  ve loc i ty  measurement of approximately 16,600 ft /sec,  

However, it m y  be noted t h a t  Fig.  6 

This 
would i n d i c a t e  t h a t  cocpressional wave energy i s  not detected i n  

t h e  f irst  case, but is r e a d i l y  detected with the hammer blow 

agains t  the edge. 

of s igna l s  i n  Fig, 6 i n d i c a t e  an apparent illcrease i n  signal with 

distance.  

of t h e  geophones t o  t h e  indicated frequencies,  and t o  t h e  

The r e l a t i v e  amplitudes of the  f i rs t  half cyc les  

This i s  probably due t o  the d i f fe rence  i n  s e n s i t i v i t y  

separat ion ( in  time) of t h e  P-wave acd Rayleigh wave energy with 

dis tance  t raveled,  

Fig. 7 o f f e r s  r e s u l t s  of t h e  same set-up as Fig. 5 except 

t h a t  t h e  open-type explosive scurce is subs t i t u t ed  f o r  the w e i g h t  

drop. 

8300 ft /sec.  ve loc i ty ,  

H e r e  again, f i r s t -de t ec t ed  energy ind ica tes  approximately 

Ver i f ica t ion  of both the Rayleigh wave and P-wave 

velocities can be seen i n  Fig. 8 where accelerometers are used 

with the explosive source. Here, the very-high-frequency, low- 

amplitude P-wave is  indicated on both accelerometers as w e l l  as 

the-high-amplitude, lower-frequency Rayleigh wave, having 

v e l o c i t i e s  of approximately 16,600 and 8300 ft /sec, ,  respec t ive ly .  

It is fe l t  that the concrete s l ab  represents  about the 

1: 7 94.36-6 
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poorest condition one might encounter f o r  generating P-wave 

energy in a freqcency range suitable for a geophone. 

the P-wave energy here is too high in frequency for the geophone. 

In such materials as concrete, the accelerometer has the advantage. 

However, the advantage is not considered s t r o n g  enough to offset 

Obviously, 

the problems with tSe accelerometer in low velocity materials. 

With the geophone. i n  the concrete, one can at least be assured of 

detecting Rayleigb wave energy which, with experience and 

possibly other information, may be recognized as Rayleigh wave, 

allowing a valid veloc i ty  determination. With a misinterpretation 

of the type of wave, one has an error of approximately c ~ O X  (or 

-47%, as the case m y  be), assuming P-wave to Rayleigh wave 

velocity ratio to be 1.9. 

Figs, 9 t h r u  12 are results of tests made on a clay type 

soil where considerable moisture was present except in the top 

two or so inches, the surface being quite dry and cracked. 

face measurements indicate approximately 1250 ft/sec. velocity. 

(Downhole measurement, Fig. 18, indicates velocity of 1550 ft/sec,) 

Sur- 

Fig, 9 and 10 offer a comparison of signals from verti- 

cal impact as against horizontal impact, Since no.essentia1 

change is indicated (other than amplitucie), one would assume the 

detected energy to be P-wave, 

Substitution of the open-type explosive source for the 

harmer offers the signals recorded in Fig- 11. It may be noted 

here that the apparent signal frequency is higher than with the 

1: 794.36-7 
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I:;!rmer source and t h a t  t he  f i r s t  h a l f  cyc le  (posi t ive)  on the 

second detector  i s  hardly detectable.  

detector  s igna l s  i s  he lp fu l  i n  making the in te rpre ta t ion .  

Comparison -of the  t w o  

This 

record o f f e r s  an explanation as t o  why it is des i rab le  t o  u t i l i z e  

t h e  highest  de tec tor  ampl i f ie r  gain p rac t i ca l ,  l imi ted  only by 

background acous t ic  or e l e c t r i c a l  noise. 

Fig. 12 is the recorded signal for the same conditions as 

Fig.  11, except t h a t  accelerometers a re  used instead of geophones. 

Here the  first ha l f  cyc le  on t h e  second detector  i s  l o s t ,  The most 

accurate  and v a l i d  measurement here would u t i l i z e  the  d is tance  to 

t he  f i r s t  de tec tor  and the  time of the f i rs t  recorded s igna l  09 

t h a t  de tec tor ,  

Fig.  13 and 14 ind ica te  r e s u l t s  from tests i n  loose, dry 

sand. This mater ia l ,  having ve loc i ty  lower than air, required in- 

s e r t i o n  of a s tee l  p l a t e  as s h a m  i n  Fig. I3 to prevent recept ion 

of the first a r r iva l  a i r  wave, both with explosive source and harnmer 

type source. In  t h e  case  of the  hammer type source, the  impact 

agains t  t he  sand generated s igna ls  too l o w  i n  frequency t o  be uti- 

l i z e d  f o r  ve loc i ty  measurements with the p r a c t i c a l  l imi t a t ions  in 

spacings i n  t h e  lunar appl icat ion.  However, it was  found that an 

impact aga ins t  a small metalic p l a t e  r e s t i n g  on the  surface gene- 

rates usable  s igna ls .  The impact against  a p l a t e  a l s o  generates a 

r a t h e r  strong air wave, s i m i l a r  to that generated by t he  explosive 

source. 

and between t h e  source and de tec tors ,  allows measurements of sand 

velocities, even i n  a i r .  The veloci ty  of t he  sand was determined 

- 

Inse r t ion  of t h e  high densi ty  steel plate near the  source, 

1:794.36-8 
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be approximately 550 f t / s e c .  This i s  indicated i n  Figs, 13  and 

and was a l s o  v e r i f i e d  by v e r t i c a l  and l a t e r a l  hammer impacts, 

I n  Fig. 13, t he  s t rong negative going "breaks" are the 

responses frbm s igna ls  t r ave l ing  i n  the  sand. (It should be noted 

here  t h a t  t he  geophone connections for  t e s t s  of Figs. 13, 

and 15 w e r e  i n  reverse  po la r i ty  from those used i n  a l l  o ther  geo- 

phone tes ts  herein shown.) The r e l a t i v e l y  low amplitude posi t ive-  

going f i rs t  "break" i n  Fig. 13 is  due t o  a r r i v a l  of a weak air- 

wave, t h e  path of which.was around the  edges of t he  s t e e l  p l a t e ,  

possibly r e f l ec t ed  by t h e  w a l l s  of t he  container.  

14, 

The amplif ier  gains  used i n  Fig. 13 and several  other  

tests indicated i n  t h i s  r epor t  are obviously much higher than was 

necessary, or even des i r ab le ,  f o r  t he  conditions of the p a r t i c u l a r  

t e s t .  However, s ince the  conditions of the mater ia l  t o  be t e s t e d  .-- 

on t h e  lunar appl ica t ion  w i l l  not be known and amplif ier  gain 

adjustments w i l l  not be ava i lab le ,  it is considered necessary that 

these  tests be run with the  highest  possible  gains, l imited only 

by acoustic background noises.  

I n  an t i c ipa t ion  of problems with the  open-type explosive 

source holder when t e s t e d  i n  vacuum, an enclosure consis t ing of 

an aluminum housing, but with a rubber hemisphere for contact  to 

t h e  surface,  was t e s t e d  i n  the  sand and on t he  concrete slab. 

Results of these tests are indicated i n  Figs, 14 and 15. Fig.  

14 and 13 w e r e  under similar conditions except for the enclosure 

l:? 94 36-9 
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of the source. 

a factor of 2,)  

(The time-scale on the records were different by 

Fig. 1 5  and 7 were also under e b i l a r  conditlonr 

except, for the enclosure. 

mafor loss of data  is incurred by the ineer t ion  of the rubber 

between the  source and t h e  surface, a t  least not i n  loose sand 

nor i n  the concrete slalp. 

These two eomparieone ind ica te  that no 

The breadboard design incorporated a geophone with the 

surface dens i ty  un i t  as second detector. The geophone i n  this 

assembly w a s  compared with a separate geophone by placing them 

s i d e  by s i d e  on t h e  ground and looking f o r  wave shape difference 

in t he  first cyc le  of a s i g n a l  from a hammer impact, An insig- 

' n i f i c a n t  difference was indicated.  

of the density-geophone combination such that the  geophone was 

posit ioned off  v e r t i c a l  as much as 45". 

This t e s t  included placement 

The e f f e c t s  noted were 

consfdered minor. 

'Subsurface Tests 

The s m c e  holder used in the downhole acoust ic  tests 
__. 

was t he  open type, 

used i n  surface measurements, but containing a 1-1/2 in .  hole, 

and a s tack  of Austin chalk and Carthage marble rocks, as shown 

The mater ia l s  tes ted included the  moist clay 

i n  Fig. 16. 

m e t e r ,  

accelerometer, the exchange made because of physical  dimension 

The detector  used was an Endevco Model 22U accelero- 

The f i n a l  breadboard sonde contained a Model 222lC 

and environmental problems with the  Model 2213. . 
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Fig. 17 shows r e su l t s  of tests under conditions similar 

I t o  those i n  Fig. 16, except t ha t  a l aye r  of sand, 1-1/2 i n ,  th ick ,  

w a s  placed on the "surface". 

t he  3-1/2 f t .  depth (0.6 - 0.33 = 0.27 ms f o r  1-1/2 in.  of sand) 

corresponds t o  approximately 460 f t / s e c ,  ve loc i ty  f o r  t he  sand. 

The layer of sand above a high ve loc i ty ,  high density material, 

The d i f fe rence  i n  t r ave l  t i m e  t o  

i -  
plus  t h e  d i scon t inu i t i e s  a t  1 f t ,  i n t e r v a l s  due to the stacked 

blocks, a r e  considered to be as detrimental  f o r  t h i s  measurement 

a s  one can a n t i c i p a t e  as far as energy l eve l  i s  considered, 
I 

Signals  i n  Fig 18 indica te  the r e s u l t s  of subsurface 

These a re  considered ideal ized s igna l s  and 
I 

tests i n  moist clay.  

i nd ica t e  the  advantage gained when t h e  source can be d i rec ted  

toward the de tec tor  (as compared to the  surface measurement), 

I -  

Several other t e s t s  w e r e  performed with the  sonde, the 

r e s u l t s  of which are not attached (but are avai lable  i n  s l i d e  

photographs), 

buried i n  loose sand approximately 1 f t .  deep. 

found to be very sens i t i ve  t o  f i rs t  arrival energy from hammer 

impacts on t he  surface for l a t e r a l  dis tance of a t  least 2 ft, 

In one case the  acoustic sect ion of the sonde was 

The.uni t  was 

I Larger dimensions w e r e  not t e s t ed  due t o  l imited sample size; 

I however, no problem is ant ic ipa ted  here ,  

Tests were made t o  determine i f  a problem would be 

encountered due t o  azimuthal d i r e c t i v i t y  of the  sonde de tec tor  

I r e l a t i v e  t o  t h e  d i r ec t ion  t o  t he  source. Tests  i n  the 1 ft, 

I -  cubes of rocks could not be conclusive due to t he  c lose  boundaries. 

I -1 : 7 94.3 6-11 
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I 
I However, t e s t s  i n  the  moist c l ay  indfcated some d i rec t ion  senei- 

t i v i t y  a t  depths near 1 f t .  or less. When the detector  is 

I 
located on the borehole wall opposite the  source, there  is a 

s l i g h t  delay i n  f i r s t - a r r i v a l  time and some loss in amplitude. 
I 

I Below the depth o f ' l  ft., there  was l i t t l e  o r  no e f f e c t  due t o  

I r o t a t i o n  of the  sonde. 
The o r i g i n a l  plans t o  use a miniature geophone i n  the 

downhole sonde have been canceled. Manufacturing problems plus ' I 

operat ional  f a i l u r e s  made it undesirable t o  pursue this fu r the r .  

Also, t he  fact  t h a t  the  source is di rec ted  more or less toward 

t h e  detector  i n  t h e  subsurface appl icat ion,  o f f e r ing  r e l a t i v e l y  

high amplitude and high frequency s igna ls  at the  sonde, allows 

s a t i s f a c t o r y  de tec t ion  with an accelerometer. 

1 

I 

Invest igat ion of the  s igna l  received when the  acoust ic  

de tec tor  f a i l s  to make direct contact with the  wall indicated 

t h a t  t h e  received s igna l  under this condition i s  considerably 

reduced i n  amplitude and frequency from t h a t  received when the 

de tec tor  is i n  good contact. It is assumed t h a t  comparison of 

signals f o r  various depths will allow elimination of those taken 

under t h e  "no-contact" condition. 

Additional- T e s t s  and Comments 

Several  o ther  tests were made, t h e  r e s u l t s  of which are 

(However, o r ig ina l  d a t a  shee ts  and 

Attempts were made t o  eliminate 
not a t tached i n  t h i s  report .  

f i l m s  on these are available.) 

a i r  wave by placement of la rge  amounts of glass  wool on the  
I 

1: 794.36012 



surface over the  area of 

reduced by t h i s  method. 

found t o  be much m o r e  p r  

Several designs 

-13- 

test. 

The use of a high densi ty  p l a t e  was 

ctical. 

The air wave was only p a r t i a l l y  

of enclosed source holder  w e r e  tes ted,  

One f ac to r  learned from these was t h a t  the explosive gases should 

. not be highly confined. Provision f o r  reasonable venting is 

needed to assure against  physical  des t ruc t ion  of the  holder, 

Some t e s t i n g  with the  downhole sonde was done t o  deter-  

mine if t h e  "short c i rcu i t ing"  of acoust ic  energy througb the 

mechanical attachment to the sonde would be a problem 

rod, used t o  manipulate the sonde, w a s  he ld  aga ins t  the side of 

t he  borehole a t  t he  top of the hole  while hammer impact signals 

The 1/4 in. 

w e r e  induced a t  the  surface near the  hole ,  and detected at the 

sonde. This w a s  done both i n  hard rocks acd i n  t h e  moist clay 

hole ,  There w a s  DO apparent effect. '  However, i t  may be noted 

i n  Fig. 18 for the  signal a t  3-1/2 f t ,  depth (with the  explosive 

source) t h a t  a lcw-amplitude, high-frequency s igna l  i s  indicated 

very shor t ly  before  the main f i r s t  break. This is possibly due 

t o  acoust ic  energy t rave l ing  the sonde and rod path. 

case, eo problem e x i s t s  i n  i n t e r p r e t a t i o n  however, and i t  is 

believed t h a t  the decoupling and f i l t e r i n g  which e x i s t s  along 

t h e  sonde path and i n  the accelerometer mount w i l l  normally allow 

d i f f e r e n t i a t i o n  between a sonde path s i g n a l  and the  co r rec t  

signal. 

In t h i s  

The problem of recognizing whether or not P-wave .' 
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4compressional wave) energy is being detected i n  t h e  surface 

measurement has not been completely and s a t i s f a c t o r i l y  resolved. 

Apparently, i n  low veloc i ty  mater ia ls  (and thus low frequency 

signals) the P-wave energy i s  readi ly  de tec tab le  and interpre-  

t a t i o n  i n  t h i s  range would normally assume P-wave. 

high ve loc i ty  mater ia ls ,  t h e  P-wave energy t rave l ing  l a t e r a l l y  

across t h e  surface is of such high frequency and low amplitude, 

and a t tenuates  so rapidly,  t h a t  i ts  detect ion i s  not assured. 

{The Rayleigh wave i n  such case should be detectable.)  Thus, 

determination of t h e  ve loc i ty  and the type wave should be done by 

an experienced in t e rp re t e r .  

t es t  would o f f e r  confirmation of in t e rp re t a t ion  of surface data. 

However, i n  

A successful subsurface acoust ic  

The l i s t  of equipment used i n  t e s t i n g  and t e s t  procedures 

was outlined i n  a previous repor t ,  "Outlines of Breadboard Test 

Experiments", and w i l l  not be repeated here, Also,  i n t e r f ace  

da ta  were given i n  a previous repor t ,  "Physical Parameters 

Instrumentation f o r  Surveyor, In te r face  and Descriptive Infor- 

mation", dated April 21, 1961. One major change s ince  this 

r epor t  was the  replacement of t he  downhole miniature geophone 

with an accelerometer. 

Also,  i t  has been found des i r ab le  t o  use spacings f o r  

sur face  measurements t h a t  are i n  t h e  minimum range of those aut- 

l i n e d  i n  aforementioned repor t s ,  I n  f a c t ,  i f  it becomes 

des i rab le ,  f o r  ozher reasons, to use spacings as shor t  as 3 ft, 

(3 f t ,  between source and Detector No. 1 and 6 ft, between source 

1 : 7 94.36- 14 
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I 

l and Detector No. 2), this would be considered permissible. A 

slight loss in timing accuracy would be encountered in the hi@ 

velocity range, but confidence in validity would be improved. 
I 

Design drawings for the Surface Density - Acoustic 
Detector combination, and for the subsurface sonde (including 

dansihole acoustic detector) will be supplied to Jet Propulsion 

Laboratory under separate cover. 

1:794.36-15 
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Un: 0-14 

Accel. 

Endevco 
22 13 

To 
Scope 

Endevco 
2607 

cain  = 470R 
3.90 

1’. 

Geophone Amplifier System 

To 
Scope 

Accelerometer Amplifier System 

FIGURE 1 

DETECTOR AMPLIFIER SYSTPiS 
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I Accelerometers 

- 7 -  . @  Dry Soil 
\ Explosive I k 

Source 

Sweep: 2 ms/div. 

Material Velocity: 950 f t /sec.  (P wave) 
Measured Velocity: 950 ft/sec, (P wave) 

Scope Sensi.: 0.5 v/div. 

FIGURE 2 

BURIED SOURCE - ACCELEROMETERS - DRY SOIL 
1:794-54 
1:704,36-17 



Explosive Source 
Accelerometers 

3 ft. 0 3 ft. 
.-/-/ 

D r y  Soil 

Sweep: 2 ms/div, 

Material Velocfty: 950 ft/sec. @-wave) 
Measured Velocfty: 1100 ft/aec. ( A i r  wave) 

Scope Semi: 0.5 v/div, 

F I G W  3 

AIR WAVE MEASUREMENT 

1:7 94-55 
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I Det. $2 

D e t .  $1 

I 

Exp 10s ive -7 

/--- 

Accelerometer Detectors 

Sweep:  2 ms/dtv. 
Scope Sensi.: 0.5 v/div, 

Material Velocity: 950 ft/sec. 
Wasured Velocfty: 1 

FIGURE 4 

SIMTLATED SPACECRAFT TEST 
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. 

2 lb, weight 

- ;'-7----r 5 ft* - &+--- 
Concrete Slab 

Sweep: 0.3 me/div. 
Scope Sensi: 0.1 v/div.  

Matertal Velocity: 16,500 f t / a e c .  (P-wave) 

Measured Velocity: 8,300 ft/sec. (Rayleigh Wave) 
8,500 f t l e e c .  (Rayleigh) 

FIGURE 5 

WEIGHT DROP - SURFACE - CONCRETE 
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. .  . .  

. I  

Geophones . 

-7---/-7--. c; --7v4-- 5 ft. ft* 

Concrete Slab weight 

Sweep: 0.5 ms/div. 

1.faterial Veloc i ty :  16,600 ft/sec. (P wave) 
Measured Velocity: 16,600 ft/sec. 

Scope SensL 0.1 v/div.  

FIGURE 6 

LATERAL WEIGHT - CONCRETE 

1:794-58 
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Sweep: 0.3 rns/div. 

Haterial Velocity : 16,600 ft/sec, (P-wave) 
Scope Sensi: 0.2 v/div. 

Heasured V e l o c i t y :  8,300 ft/sec. (Raylelgh) 

FIGURE 7 

EXlPLOSIvB SOUXCB - CONCRETE - GEOPHONES 

1:794-59 
13794.36022 
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, Explosive 
Source Acc eler m e  t ers 

cl 
/ / , / / ft* 

5 ft. 
/--7---- 

Concrete Slab 

Sweep: 0.5 msjdiv. 

Material Velocity: 16,680 ft/sec, (P-wave) 
Measured V e l o c i t y :  16,600 ft/sec. (P-wave) 

Scope Semi: 0.5 v/div. 

8,300 ft/sec. (Rayleigh) 

FXGURE a 
EXPLOSIVE SOURCE - CONCRETE - ACCELEROHETERS . 
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- .  
, .  

Sweep: 5 ms/div. . 

~ e n s i :  0.5 v/div, 

Sweep: 2 
Sensi: 0 ,  

ms/div, 
, 2  v/div, - 

Sweep: 2 ms/div. 
Sensi: 0.2 v/div, 

2 lb. w e i g h t  
I 

Sweep: (Given above) 
Sensi: (Given above) 

I Material Velocity: 1250 ft/sec. (P-wave) 
Measured Velocity: 1230 f t /eec.  (P-wave) 

FIGURE 9 

WEIGHT DROP - MOIST CLAY - GEOPHONES 
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Sweep: 2 msjdiv. 
Sensi :  C.2 v/div. 

Sweep: 2 ms/div. 
Sensi: 0-2  v/div .  

Ge oph ones 
5 ft. 

r-- --- -, LJ - -  
5 ft. L lb. 

wei ht - 7 ---- .JL--r - - 
77 -\\r - 

b 
Xois t Clay 

Sweep: (Given above) 
Sensi:  (Given above) 

Material Velocity: 1250 ft/sec. 
Eleasured Velocity: 1250 ft/sec, 

FIGURE 10 

LATERAL WEIGHT - MOIST CLAY - GEOPHONES 
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E x p  10s ive Geophones 
L yyce / 5 / ft, / / n 5 ft. rl, 

/ / / / / 

Mots t Clay 

Sweep: 2 msldiv. 
Sensi: 0.2  v/div. 

Material Velocity: 1250 ft/sec, (P-wave) 
Measured Velocity: 1200 ft/sec. (P-wave) 

FIGURE 11 

EXPLOSIVE SOURCE .. MOIST CLAY - GEOPHONES 
1:794-63 
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Explosive Ac c eler m e  ters 

5 f+- 11 5 f t .  I-J Source 
/ I / / / / / > /  - -- 

Hoist Clay 

Sweep: 2 ms/div, 
Sensi: 0 .5  v/dlv. 

Faterial Velocity: 1250 ft/sec. (P-wave) 
Heasured Velocity: 1000 ft/sec. ,  A t  

1250 ft/sec., 1st receiver 

FIGURE 12- 

EXPLx)SIVE SOURCE - MOIST CLAY - ACCELEROMETERS 
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Explosive 
Source 

Geophones 

0 

I w o o d  box -+a 

3 ft, 

Source-to-R1 = 1 ft. 

R1-to-% = 1 ft. 

- T O P  VIEW 

Sweep: 1 -/dive 
Seasi: 1 v/div. 

Material V e l o c i t y :  550 ft/sec. (P-wave) 
Eeasured Velocity: 500 ft/sec. (discountlng air wave 

on detector No, 2) 

FIGURE l3 

. EXPLOSIVE SOURCE - DRY SAND - GEOPHONES 
1 : 7 94-65 
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I 

Note: - 
Geometry, material, and detectors, same as in Fig .  13, 
Explosive source is  mounted i n  metal-rubber enclosure. 

Sweep: 2 rns/diw. 
Sensi: 0.5 v/div. 

Material Velocity: 550 ft/sec. (P-wave) 
Measured Velocity: 500 ft/sec. (discounting a h  wave 

on detector No. 2) 

FIGURE 14 

ENCLOSED EXPLOSIVE SOURCE - DRY SAND - GEOPHONES 

1: 794-66 
1: 7 94 , 36-29 

3 /  



I 

, .  

Enclosed Explosive Geophones 

L-- - 5 - .,-:-7- ft - - ,L- 5 - ft, 1 

Concrete Slab 

Sweep: 0.5 ms/div. 
Sensl: 0.1 v/div. 

p t e r i a l  Velocity: 16,600 ft/sec, (P-wave) 
8,500 f t /eec.  (Rayleigh) 

Measured Velocity: 8,300 ft/sec. (Rayleigh) 

FIGURE l5 

ENCLOSED EXPLOSIVE SOU2CE -. CONCRETE - GEOPHONES 
1:794-67 
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Sxploa lve  Source >m 1/49' steel 
tube 

I " ,  a 

f 
i 

1 111 

1'1 a : 
b :  

C 1  : 

Austin Chalk 
1 ft. cubes k t  ," 

!: " , , 
1 ;' i 
' :i 

t \ - -  -- - - -. 

i 
i 

1 ft, 
:I d i 

! 
, 1 f r  
! L', 
1 

I ; '  i 

\ 
\ 

', 3-1/2 
- -  

I 

! 
I 
I I 

! 

. .  
1 ;  

i 

Sweep: 0.1 ms/div, 
Hultiple Sensitivity: 

Material: 
1.0 and 0.1 vldiv. 
A u s t t n  chalk and Carthage marble 

First Arrival Time, 1 ft.: 0-12 me. 
3.5 ft,: 0.33 m s ,  

Measured Velocity: Austin chalk - 10,000 ft/sec, 
Carthage Marble - 13,500 ft/sec, 

FIGURE- 16 

DOWNHOLE VELOCITY - HARD ROCKS EXPLOSIVE SOURCE 
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Test Conditfons: 
of dry sand placed on top r o c k ,  I;nder explosfve source. 
of detector was 3.5 ft, plus t h e  1.5 in. of sand. 

Same as in F;;. 16 except  that  1.5 in. layer 
Depth 

. 

Sweep: 0 . 5  ms/div. 
Multiple Sensitivity: 2.0 and 0.2 v/div, 

F i r s t  Arrival Pick: 0.6 ms. 

FIGURE 17 

DOk%%OLE VELOC1I"Y - HARD R W K S  - EXPLOSIVE SOURCE 
SAND SURFACE 
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\ 

Explosive 
. i- Source c- 1 ft.-> ; 

I -- -- I -&3 - . ~  - - ~ - -  
' "7 I-' --- 

Moist Clay , I  
/ I  

, ;' 
I 

I ft. Depth ' 
- - -  --Iq' ! 

\ 3 ft. - 

Sweep : 
Multiple Sensi: 

Time Pick, 1 ft. Deptn: 
3 ft, Depth: 

Measured Velocity: 

Depth - - -  
I /  , r  
I 

4 
I !  

1 ms/div. 
1 ft. depth - 0.5  and 5 .0  v/div. 
3 ft. depth - 0.2 and 2.0 v/div. 
0.9 ms. . 
2.0 ms. 
1550 ft/sec. 

FIGURE 18 
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